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Thermodynamic propertiesAbstract The formation of wormlike micelle and the following signiﬁcant changes in rheological
properties suffer misunderstanding from both theoretical and fundamental aspects. Recently, we
have introduced a theory for interpreting such important phenomenon which is referred to as
critical intermolecular forces (CIF). The theory has stated that the hydrophobic effect is the main
factor for the formation of worm-like aggregates. Therefore, it seems interesting to check out the
validity of this new physical insight through investigating the presence of benzene ring as less hydro-
phobic group in contrast to that of alkyl in surfactant tail. The mixture of anionic sodium
dodecylbenzenesulphonate (SDBS) and cationic cetyltrimethylammonium bromide (CTAB) shows
a high dynamic viscosity peak at the ratio of 80/20 of 3 wt.% CTAB/SDBS indicating the formation
of wormlike micelles. The thermodynamic properties have been evaluated for this mixture exhibit-
ing good agreement with the rheological changes. Interestingly, the results show the presence of
benzene ring (in SDBS) causing a negative effect towards the formation of one dimensional aggre-
gate in contrast to previous results which support the proposed CIF theory. The presence of
nonionic surfactant TritonX-100 in binary and ternary systems of SDBS and CTAB prohibits the
formation of wormlike micelles.
ª 2014 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Wormlike micelles are considered as one of the biggest sizes of
supra-molecular structure that formed by self-assembledamphiphilic molecules [1]. The unique physical properties of
such one dimensional structure guarantee signiﬁcant industrial
and commercial applications [1–3]. On the other side, there is a
considerable lack in the theoretical background for interpreta-
tion of the transition phenomenon from three to one dimen-
sional shape of aggregate together with the following sharp
change in physical properties. Recently, we have investigated
some of binary and ternary systems of mixed surfactants for
the formation of wormlike micelles [4]. The mixture of anionic
[sodium dodecyl sulphate (SDS)] and cationic [cetyltrimethyl-
ammonium bromide (CTAB)] surfactants exhibits a remarkable
high viscosity peak at a weight ratio of 80/20 CTAB/SDS. No
424 R.A. Khalil, F.A. Saadoonwormlike micelles have been detected for binary mixtures of
anionic- nonionic (Triton-X 100) nor for ternary mixtures of
SDS/CTAB/Triton-X 100 surfactants [4]. The achieved results
from such explorations together with those of previously pub-
lished [1–3,5–17] have guided us for proposing a theory which
is referred to as critical intermolecular forces (CIF) for under-
standing such interesting phenomenon. According to the CIF
theory [4], the transition process towards one dimensional shape
of aggregate results from a combination of three main intermo-
lecular forces: electrostatic interactions of head groups, disper-
sion forces between tail groups, and the excess of formed
hydrogen bonds between water molecules due to hydrophobic
effect (icebergs). It was found that the latter effect plays a major
role in the formation of wormlike micelle, which has no
signiﬁcance in previous publications. Indeed, the CIF approach
explains the transformation process from sphere to one-
dimensional, as at speciﬁc concentrations of molecules, there
are intermolecular interactions capable of creating a critical
state that makes the transition towards wormlike micelle ener-
getically favourable. This theory showed that the wormlike
solution is more stable than that of three dimensional, but the
main task that works against the transformation process is
the entropy factor. It has been concluded that the suggested the-
ory of CIF is considered as a helpful tool in understanding not
only the transition state towards wormlike micelles together
with the associated signiﬁcant increase in solution viscosity,
but also in helping researchers who are interested in exploring
any kind of new wormlike systems [4]. Experimentally, the sud-
den change of surfactant solution making the viscosity give
sharp peaks resulting from a jell-like state due to change in its
composite can be considered as a function for the transforma-
tion towards one-dimensional micelles according to the images
of Cryo-transmission electron microscopy [2–4]. Hence, it
seems interesting to extend this work through the investigation
of the effect of the presence of benzene ring in the hydrophobic
chain because it is well-known that the p system which presents
in benzene could have polar characteristics as not existing in
alkyl chain. For instance, the dielectric constant of benzene at
20oC is 2.3 while for n-hexane is equal to 1.9. In other words,
such job may provide a fresh opportunity to our previous
suggestion as the hydrophobic effect is entirely responsible for
the formation of worm-like micelles. In addition, the present
study could also give general comments about the effect of the
presence of benzene ring on the transformation phenomenon
towards one dimensional shape.
In the present work, investigations were carried out for the
formation of wormlike micelles for mixtures of anionic SDBS
(sodium dodecylbenzenesulphonate)-cationic CTAB, anionic
SDBS-nonionic Triton X-100, cationic CTAB-nonionic Triton
X-100 surfactants, and their ternary system of anionic
(SDBS)-cationic (CTAB)-nonionic (Triton X-100) surfactants
at different temperatures. Indeed, there are no such investiga-
tions mentioned in the literature. It should be noted that SDBS
and CTAB are frequently used as vital surfactants for the
successful preparation of functional nanomaterials of conduct-
ing polymers [18–20].2. Experimental
The surfactants SDBS (CH3(CH2)10CH2(C6H6)–SO3
Na+),
CTAB (CH3(CH2)14CH2N
+(CH3)3Br
) and Triton X-100(CH3C(CH3)2CH2C(CH3)2C6H4(OCH2CH2)10OH) were
obtained in a high puriﬁcation form from Aldrich and Fluka
companies. Conductivity water was used for preparation of
all solutions with speciﬁc conductance of 3–5 lS cm1. The
water was freshly prepared through redistilling distilled water
with the addition of little amounts of KMnO4 and KOH.
3 wt.% solution of each surfactant is made to give concen-
trations of 0.08875, 0.08486 and 0.0478 M for SDBS, CTAB
and Triton X-100 respectively.
The dynamic viscosity (g) measurements were carried out
using modiﬁed Ostwald apparatus as detailed in Ref. [4]. The
conductivity measurements were determined, using WTW con-
ductometer with an accuracy ±0.01 lS cm1. To control the
temperature of the above determined physical properties
within ±0.1 C, water thermostated Hakke NK22 is used.
All measurements are repeated for at least three times in order
to check the reproducibility of the data.
The approximate thermodynamic functions for the transi-
tion process towards one-dimensional shape were estimated
using the following suggested models of the CIF theory [4].
The standard Gibbs free energy (DGo) was estimated using
the following approximate relation [4]:
DGo  RT lnðg=2 103Þ ð1Þ
where R is the gas constant, T is the absolute temperature and
g is the observed dynamic viscosity. The approximate standard
enthalpy (DHo) was evaluated graphically using this model [4]:
dðlng=2 103Þ
dð1=TÞ 
DHo
R
ð2Þ
The standard entropy (DSo) was calculated using the following
general thermodynamic relation:
DSo ¼ DH
o  DGo
T
ð3Þ
while the activation energy of viscosity (Ea) has been deter-
mined according to the following model: [21]:
g / eEa=RT ð4Þ3. Results and discussion
Indeed, any combination between the solution of high viscosity
or a jell-like state due to the formation of wormlike micelle
with that of high molecular polymer (whose chain length is
ﬁxed by a covalent bond) is considered as a big mistake. The
main reason for this can be attributed to the fact that the high
viscosity in wormlike solution is belonging to solvent mole-
cules (H2O) according to the CIF theory [4] while solution of
polymers is resulted from the solute (polymer itself) in addition
to other factors that mentioned brieﬂy in Ref. [4]. Therefore,
investigations concerning the effect of the presence of benzene
ring towards the formation of wormlike micelles are quite nec-
essary in order to verify the CIF theory. Thus, the anionic
SDBS surfactant could be considered as a quite sufﬁcient sam-
ple for this job in order to compare with the previously studied
SDS as clearly illustrated in Scheme 1. Moreover, it is quite
necessary to do this job at different temperatures because we
are dealing with thermodynamically controlled living polymers
and also in order to evaluate DHo and DSo parameters.
SO
(a) (b)
3 Na
OSO3 Na
Scheme 1 Chemical structures of sodium dodecyl sulphate (a), and sodium dodecylbenzenesulphonate (b).
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ionic CTAB shows a high dynamic viscosity peak at the ratio
of 80/20 of 3 wt.% CTAB/SDBS indicating the formation of
wormlike micelles as illustrated clearly in Table 1 and Fig. 1.
No transformation from three to one dimensional shape of
aggregate has been detected for the mixtures of nonionic sur-
factant TritonX-100 with each of anionic SDBS and cationic
CTAB as detailed in Tables 2 and 3 respectively. Indeed, these
results are quite parallel to those of previous works for the
mixtures of CTAB/SDS and TritonX-100/SDS [4]. In other
words, such results give a direct support to the proposed
CIF theory. Thus, according to the CIF theory, the reasonTable 1 Viscosity (g) values and other related thermodynamic functi
CTAB (3 wt.%) SDBS (3 wt.%) g (Pa.s) · 102
(DGo kJ mol1)
{DSo J mol1 K1}
283.15 K 290.15 K 298.15
100 0 0.182 0.147 0.109
(0.22) (0.75) (1.50)
{78.0} {78.0} {78.4
90 10 0.193 0.175 0.153
(0.08) (0.32) (0.66)
{42.0} {41.9} {41.9
80 20 4.228 3.821 1.449
(7.18) (7.12) (4.91
{154.0} {150.5} {153.
70 30 1.617 1.469 0.474
(4.92) (4.81) (2.14
{146.7} {143.5} {148.
60 40 1.015 0.452 0.290
(3.82) (1.96) (0.92
{128.1} {131.4} {131.
50 50 0.426 0.364 0.195
(1.78) (1.44) (0.06)
{109.7} {108.2} {110.
40 60 0.252 0.219 0.161
(0.55) (0.22) (0.53)
{71.6} {71.0} {71.6
30 70 0.229 0.187 0.145
(0.32) (0.17) (0.80)
{69.3} {69.3} {69.6
20 80 0.202 0.166 0.132
(0.02) (0.44) (1.03)
{66.7} {66.7} {66.8
10 90 0.183 0.149 0.120
(0.21) (0.71) (1.26)
{67.4} {67.4} {67.5
0 100 0.138 0.124 0.107
(0.85) (1.13) (1.53)
{57.9} {57.4} {57.2
[a] and [b] are the standard error (kJ mol1) and square of correlation coef
are the standard error (J mol1) and square of correlation coefﬁcient frofor the absence of wormlike micelles by the mixtures of
TritonX-100 was attributed to the intermolecular interaction
between the oxygen atoms of TritonX-100 with water mole-
cules through Hydrogen-bonding, which then decreases the
hydrophobic affect.
On the other hand, the results (Table 1 and Fig. 1) compar-
atively show that the presence of benzene ring causing a nega-
tive effect towards transformation process also gives a direct
support to the proposed CIF theory. For instance, the presence
of benzene ring reduces the higher dynamic viscosity peak by
about eight times. The higher viscosity of the mixtures of
CTAB/SDS and CTAB/SDBS located at the ratio 80/20 isons for the CTAB/SDBS mixed system at different temperatures.
DHo kJ mol1 SE[a] r2[b] Ea J mol
1 SE[c] r2[d]
K 308.15 K
0.087 21.88 27.99
(2.13) ±0.16 ±0.39
} {77.9} 0.993 0.974
0.129 11.82 18.78
(1.13) ±0.07 ±0.03
} {42.0} 0.995 1.000
0.847 50.79 1088.4
) (3.70) ±0.11 ±28.6
9} {152.8} 0.937 0.913
0.397 46.45 403.1
) (1.76) ±1.51 ±13.8
6} {145.1} 0.872 0.861
0.247 40.10 209.3
) (0.54) ±1.27 ±9.81
4} {128.4} 0.879 0.767
0.149 32.84 86.48
(0.75) ±0.64 ±1.90
3} {108.9} 0.950 0.937
0.126 20.81 37.89
(1.18) ±0.20 ±0.42
} {71.4} 0.987 0.884
0.116 19.95 32.99
(1.39) ±0.10 ±0.40
} {69.3} 0.997 0.980
0.106 18.89 27.91
(1.63) ±0.06 ±0.29
} {66.6} 0.998 0.985
0.096 18.86 25.21
(1.89) ±0.05 ±0.26
} {67.4} 0.999 0.985
0.081 15.54 16.65
(2.27) ±0.21 ±0.12
} {57.8} 0.975 0.993
ﬁcient from the plot of ln g versus 1/T according to Eq. (2). [c] and [d]
m the plot of g versus 1/T according to Eq. (4).
η(
Pa
.s
)*
10
2
SDBSFracon (%)
K
K
K
K
CTAB only SDBS  only
Figure 1 The relationship between the viscosity (g) of SDBS/
CTAB mixture versus SDBS fraction% at different ratios and
different temperatures.
426 R.A. Khalil, F.A. Saadoonabout 200 and 25 orders of magnitude of each surfactant
respectively [4]. Actually, this phenomenon can be explained
simply in terms of the CIF theory as the benzene group reduces
the hydrophobic effect which is considered as the main factor
that is responsible for the formation of wormlike micelles. This
is in spite of the fact that the benzene molecule has zero dipole
moment in a similar manner to that of alkyl chain, but,Table 2 Viscosity (g) values for the Triton-X 100/SDBS mixed syst
Triton-X 100 (3 wt.%) SDBS (3 wt.%) g (Pa.s)
283.15 K
100 0 0.159
90 10 0.155
80 20 0.159
70 30 0.159
60 40 0.159
50 50 0.155
40 60 0.156
30 70 0.160
20 80 0.159
10 90 0.158
0 100 0.138
Table 3 Viscosity (g) values, for the Triton-X 100/CTAB mixed sys
Triton-X 100 (3 wt.%) CTAB (3 wt.%) g (Pa.s)
283.15 K
100 0 0.159
90 10 0.148
80 20 0.148
70 30 0.148
60 40 0.149
50 50 0.154
40 60 0.158
30 70 0.159
20 80 0.160
10 90 0.142
0 100 0.182benzene works as an electron donor (due to the presence of
p electrons) which therefore makes charge transfer complex
with iodine as an example [22–24]. Hence, the donor behaviour
of benzene could create a somewhat polar environment
towards water molecules and then reduce the ability of
formation of wormlike micelles as a result of decreasing the
hydrophobic effect.
The thermodynamic properties have been evaluated for the
mixture of CTAB/SDBS (Table 1) which show good agreement
with the rheological changes of the mixture. In other words, the
sign and amounts of DGo are reﬂecting the transformation phe-
nomenon from three- to one-dimensional shape of aggregate.
These indicate there is a decrease in the free energy due to the
transition towards wormlike micelles at the ratios of viscosity
peak in contrast to others which have a positive sign. The values
of DHo show an equivalent mode with the trend of transforma-
tion towards supramolecular aggregate. Moreover, these values
ofDHo exhibit the heat released through the formation ofworm-
like micelle due to the hydrophobic effect. The latter effect is
resulted from the excess of hydrogen bonding between water
molecules for forming the crystalline structure (icebergs)
[4,21]. The iceberg has been considered as the main factor for
enhancing the solution viscosity [4]. The signiﬁcant decrease in
DSo values at the ratio of 80/20 of 3 wt.% CTAB/SDBS also
reﬂects the formation of the iceberg structure as the dynamic vis-
cosity is inversely proportional to the mobility of molecules.
While the ordinary DSo of micellization (cmc) having a positiveem at different temperatures.
· 102
290.15 K 298.15 K 308.15 K
0.131 0.107 0.087
0.132 0.114 0.086
0.136 0.107 0.083
0.134 0.106 0.082
0.133 0.107 0.083
0.132 0.108 0.084
0.133 0.096 0.082
0.132 0.109 0.082
0.132 0.107 0.082
0.131 0.107 0.082
0.124 0.107 0.081
tem at different temperatures.
· 102
290.15 K 298.15 K 308.15 K
0.131 0.107 0.087
0.118 0.098 0.077
0.119 0.099 0.079
0.119 0.100 0.080
0.119 0.100 0.083
0.124 0.101 0.081
0.127 0.105 0.085
0.129 0.107 0.085
0.132 0.109 0.086
0.132 0.108 0.086
0.147 0.109 0.087
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increase in the degree of freedom the substantial increase in the
values of the activation energy of viscosity (Ea) at the ratios of
viscosity peak also reﬂects the excess of hydrogen bonding
between water molecules due to the hydrophobic effect. In other
words, the amount of Ea is directly proportional to that of vis-
cosity [21]. In general, the quantities of these thermodynamics
functions reﬂect the negative effect due to the presence of ben-
zene ring in contrast to that of SDS [4]. For instance, the values
of DGo, DHo, DSo and Ea at 25 C for the mixture 80/20 of
3 wt.% are 4.91 kJ mol1, 50.79 kJ mol1, 153.9 J mol1
K-1 and 1.09 kJ mol1 for CTAB/SDBS and 11.05 kJ mol1,
135.3 kJ mol1, 416.7 J mol1 K1 and 10.47 kJ mol1 for
CTAB/SDS [4], respectively.
The ternary system of anionic, cationic, nonionic surfac-
tants SDBS/CTAB/TritonX-100 also does not make any tran-
sition towards wormlike micelles. Indeed, the nonionic
surfactant works as anti-supramolecular gel throughout dis-
turbing the hydrophobic effect via hydrogen bonding with
water molecules. On the other side, the destruction of spherical
micelle of ionic surfactant is resulted by unsettling the free
gegenions through adding an additional compound and then
increases the electrostatic repulsions between head groups. In
fact, these also support the proposed CIF theory as the hydro-
phobic effect play a major role in the formation of wormlike
aggregates [4].4. Conclusions
The presented results of studying the effect of the presence of
benzene ring in surfactant hydrophobic chain indicate there is
a negative effect towards the formation of wormlike micelles
due to the presence of this aromatic group. Such observation
gives direct evidence for supporting the previously proposed
theory (CIF) for describing the transformation phenomenon
from three- to one-dimensional shape of aggregate [4]. In other
words, the hydrophobic effect plays the major role in both the
transformation process towards wormlike micelles as well as
the signiﬁcant increase in solution viscosity. In fact, the aro-
matic benzene group is relatively less hydrophobic than that
of alkyl group due to the presence of p system. Therefore, this
will reduce the hydrophobic effect with the surrounding water
molecules (as solvent) which therefore decrease the ability for
transformation process towards one dimensional shape
according to the CIF theory [4]. This in spite of the fact that
benzene ring in this study has been introduced as an additional
group to alkyl chain as SDBS has the same length of alkyl
chain in contrast to that of SDS. The results reveal that there
is a remarkable contradiction between the ordinary three
dimensional micellization process (critical micelle concentra-
tion, cmc) with that of transformation towards wormlike
micelle (CIF) which must be distinguished. For instance, the
addition of benzene to alkyl chain makes a positive effect as
decreasing the cmc of which the benzene ring is equivalent to
about 3.5 methylene groups and therefore decreasing DGo of
micellization as the hydrophobic chain length increased. For
transition towards one-dimensional system the addition of
benzene ring makes a negative effect which increases DGo of
transformation process at 25 C from 11.1 to 4.9 kJ mol1
at the ratio of 80/20 of 3 wt.% for CTAB/SDS and CTAB/
SDBS respectively. It should be noted that the head groupof SDBS is sodium sulphonate in contrast to that of sodium
sulphate in SDS. But, it is particularly found that the polar
group is not inﬂuencing the transformation process in contrast
to the hydrophobic chain as there is no change in the ratio of
maximum viscosity peak which remained at 80/20.References
[1] C.A. Dreiss, Wormlike micelles: where do we stand? Recent
developments, linear rheology and scattering techniques, Soft
Matter 3 (2007) 956–970.
[2] L. Ziseman, L. Abezgaaz, O. Ramon, S.R. Raghavan, D.
Danino, Origins of the viscosity peak in wormlike micellar
solutions. 1. Mixed catanionic surfactants. A Cryo-
transmission electron microscopy study, Langmuir 25 (2009)
10483–10489.
[3] J. Li, M. Zhao, L. Zheng, Salt-induced wormlike micelles
formed by N-alkyl-N-methylpyrrolidinium bromide in aqueous
solution, Colloids Surf. A 396 (2012) 16–21.
[4] R.A. Khalil, F.J. Hammad, Critical Intermolecular Forces: a
new physical insight for the formation of wormlike micelles, J.
the Chem. Soc. Pak. 36 (2014) 211–219.
[5] R.K. Rodrigues, M.A. da Silva, E. Sabadini, Worm-like micelles
of CTAB and sodium salicylate under turbulent ﬂow, Langmuir
24 (2008) 13875–13879.
[6] C. Oelschlaeger, P. Suwita, N. Willenbacher, Effect of
counterion binding efﬁciency on structure and dynamics of
wormlike micelles, Langmuir 26 (2010) 7045–7053.
[7] M.E. Cates, Reptation of living polymers: dynamics of
entangled polymers in the presence of reversible chain-scission
reactions, Macromolecules 20 (1987) 2289–2296.
[8] H. Fan, Y. Yan, Z. Li, Y. Xu, L. Jiang, L. Xu, B. Zhang, J.
Huang, General rules for the scaling behavior of linear wormlike
micelles formed in catanionic surfactant systems, J. Colloid
Interface Sci. 348 (2010) 491–497.
[9] M.E. Helgeson, T.K. Hodgdon, E.W. Kaler, N.J. Wagner, A
systematic study of equilibrium structure, thermodynamics, and
rheology of aqueous CTAB/NaNO3 wormlike micelles, J.
Colloid Interface Sci. 349 (2010) 1–12.
[10] K. Bijma, E. Rank, J.B.F.N. Engberts, Effect of counterion
structure on micellar growth of alkylpyridinium surfactants
in aqueous solution, J. Colloid Interface Sci. 205 (1998) 245–
256.
[11] J. Liua, B. Dong, D. Sun, X. Wei, S. Wang, L. Zheng, Enthalpy
measurements for the formation of salt-induced wormlike
micelles using isothermal titration microcalorimetry, Colloids
Surf. A 380 (2011) 308–313.
[12] E. Fisicaro, C. Compari, E. Duce, C. Contestabili, G. Viscardi,
P. Quagliotto, First evaluation of the thermodynamic properties
for spheres to elongated micelles transition of some propanediyl-
a,x-bis(dimethylalkylammonium bromide) surfactants in
aqueous solution, J. Phys. Chem. B 109 (2005) 1744–1749.
[13] B. Sˇarac, J. Cerkovnik, B. Ancian, G. Me´riguet, G.M. Roger, S.
Durand Vidal, M. Besˇter-Rogacˇ, Thermodynamic and NMR
study of aggregation of dodecyltrimethylammonium chloride in
aqueous sodium salicylate solution, Colloid Polym. Sci. 289
(2011) 1597–1607.
[14] Z. Lin, J.J. Cai, L.E. Scriven, H.T. Davis, Spherical-to-wormlike
micelle transition in CTAB solutions, J. Phys. Chem. 98 (1994)
5984–5993.
[15] C.C. Huang, H. Xu, J.P. Ryckaert, Kinetics and dynamic
properties of equilibrium polymers, J. Chem. Phys. 125 (2006)
094901.
[16] W.R. Chen, P.D. Butler, L.J. Magid, Incorporating
intermicellar interactions in the ﬁtting of SANS data from
cationic wormlike micelles, Langmuir 22 (2006) 6539–6548.
428 R.A. Khalil, F.A. Saadoon[17] S.R. Raghavan, G. Fritz, E.W. Kaler, Wormlike micelles
formed by synergistic self-assembly in mixtures of anionic and
cationic surfactants, Langmuir 18 (2002) 3797–3803.
[18] X.G. Li, J. Li, M.R. Huang, Facile optimal synthesis of
inherently electroconductive polythiophene nanoparticles,
Chem. Eur. J. 15 (2009) 6446–6455.
[19] X.G. Li, H.J. Zhou, M.R. Huang, Synthesis and properties of a
functional copolymer from N-ethylaniline and aniline by an
emulsion polymerization, Polymer 46 (2005) 1523–1533.
[20] X.G. Li, M.R. Huang, J.F. Zeng, The preparation of polyaniline
waterborne latex nanoparticles and their ﬁlms with anti-
corrosivity and semi-conductivity, Colloids Surf. A 248 (2004)
111–120.[21] P.W. Atkins, Physical Chemistry, sixth ed., Oxford University
Press, New York, 2001.
[22] F.C. Grozema, R.W.J. Zijlstra, M. Swart, P.T.H. Van Duijnen,
Iodine-benzene charge-transfer complex: potential energy
surface and transition probabilities studied at several levels of
theory, Int. J. Quantum Chem. 75 (1999) 709–723.
[23] J. McHale, A. Banerjee, J. Simons, Spectroscopy of binary
solutions, the benzene–iodine charge-transfer spectrum, J.
Chem. Phys. 69 (1978) 1406.
[24] K.J. Laidler, J.H. Meiser, B.C. Sanctuary, Physical Chemistry,
fourth ed., Houghton Mifﬂin Company, USA, 2003.
